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^it!^1>yi^^^B&-^g(c^SJ; 3tc, .^;8§}ifl^i5iJ» 
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[000 1 J 

JOE) **^6*^*^«4HWdR*-*. 
10002] 

it. mwa#<omtt^mmttjmwM«<o 

SEC J: -> x «»tt#«T^ & C k £ 0 fctf>C. 
XV >0>m$M8&(z 02-b >-^S-Slg L , £ 002* V 

a title 7 i—vtvfffiE 
ra ct 3 <c i,t:m»^y^>nt. heim* 

l*V>o# 9 ^tn, Ls&>4>. iSPtX^WT 

liteJSfeSrtc&fl & nftatffc & JM 5 >-^//t|8 tits £ £ 

KtcV^-t^. ^«i:5le. iOSxv^J'li 

Q$:t6l£-f&CbfrmiZ1\T^& fflSV-S 
- 2 1 4 9 9 9^^MS ) . 
(0004) 

#"CS z. -2r, -r coi 3 tc3f.m*< »l - o 
$ v J: 3 3c2«lt<9 ?<-KA»? 0)13 



10 005) LA»t>, JJ*«*n<«fli»»*^WLt* 

sflsLitm ««x > isymnmmut*vtt. -muz. 
mm) . a*»d>aa-»tttc-3^-c*i*»w 

[ 0 0 0 6 J o2 9. SWxVi^T'JJ. MeSfiflEOiS 

10 0 0 7) i^J: d^lSlcoV'.T. 
1*^&.k§«ltti:%H»JR*eKC«J«li.T, 02-b> 

LT^I'l ^ J: 3 l^S t, f^iCio "CJKW 

eta#±§ < sm-tb b^omv^tsm^tz. t a^o 

WLft. tfUfcf.. PHI 2te^BIH f -^teJ:iltHf. 
t3»nM^*)t«<ftVS^ii?raiSWST'2|aI. *«<fl<£»3-<tt: 

<?> 1 mnomMtmiz ± -»-c«w.e*!6*** <» u 

■r <DBE^J3S!»*«IR^ L «rV > 3 *^li 2 13 SlMUt (Hbm 

mmwzim 1 , z<nz t is j: 0 2 ma^aftw^ie a 
.effl^issiMi&ssattr * . t ^3 J: 3 *a*fc «t a b m 

10 0 0 9) *a«S(4llf*»*Ate«*X*S*Ufefc^'C 

t . a i.m®mmc>M . mm 

&zbltfo&. 
[00 10) 

<, *S»B«0^1«5«¥^*©fli. 
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i mm Mf 2mm^m\=M<fM^mmwm^nii 
{ o o 1 1 j gmnz. mm 1 e^it-ci^ 01 

1 2 tc mwmmRv m^mimm -* i -> k 

4Ma3TC#SKft*£fr<C. fSEttfHMHM 21= 

as o o t , 3 o o ic j: z,mu&mz 

mm> ^£r>mmrM^^^^m^fk4 o b t . 

t ± 9 KftBStftOflif&ttS k & <c , 8S£» 

flt3> 1 2 <c J: $ 1 HI BOWMMtoltT* 6 2 H H«'«8 

£*tteh!»^t WW»M8£^I£4 Oct &l£Jt£ 

[00121 mzemmzi; o . 'x>->?>- 1 //p/r^jais 

si$fx* k s t:. *m«wi#S4 o b trjt *) . &mm 
a<7)tt'^o£ <ra^#u8t) *«£ss>*t*. x 

100 1 3 J L*»t , figpfttt** 1 2^1 0B 

2 13 B«0^f«!)<^BB*&ll5W.htiJ»jl.thtinj2Sr, 
-f-il-rit, 3t 1 llJS^njliMfPtb^ilT*^ 2lSi@iOB«St 

zsTc.i&tz.m^&zb&vztitt. -r<9*«e*e* 



10014) Hj5^2^'Wt'(S. xy^'V^SUSfltS 

^if-S^kf* ivyy^rtM^SS 

1 0 0 1 5 J ffi*«30^C{i, -5ir*MWSflW^ 

*s««es*#{ci; ^^o^smwjp^^f 3 t^k l, 

1 0 0 1 6 J :«WCtt. JLVi»tfT4 Hrt^Nc^ 

^aEMWE^JEmfcuusLT, xv^y*«*ei^itpii 
tr-f Kypafg4es^->xv>^k$-ct. jstmwa 

'Or ^ L -i 0T£.®k D hmmMzWLfcZilX V >* t S <C, 
Si»k-f^. iioikfv xy^^jA'^IBSrfBS 

■Z t*< . X>i/y0i|ea5-B&-5gEIK3S^^tt^-|.C 
[0 0 18 J iSJBJR5W^(^ v S»U93«9m(c^ 

-rs, M;kt, xy^vojSLjAosffl^aar^cwffl 

&i^-e*53£«KiSlSSftTv^kStc*i- *^±. 
^fc«jBW«jW**j!*cX«ttfeH-* i k <c J; 9 . x 

[00191 ift^a6^Bfltii; iKimmanitt; tt 

BT^«^^m^S&A { a5f'JJl!'t^*"t-c r JB$(3!ISl[»k 
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[ 0 0 2 0 J £ 0 -fi Z t T\ j&WWtfO 1 0 0^16 

w ix , mm i o?twc «t him$}m*:-hMz®% z 
too2i] $z#m&<mmx-u. 3rtme>tz}itf&m 

[0022] i^^CilT. ^^SKf^*^^ 

HBW-ti, x y v ym^wm^mmmm^ t 

•C* S-tf. ^l^k:ii^#ISSftCiJ£t«i!Sflt«iaraRi 

[ O 0 2 3 ] IS3RJS9^ftnJ3Tti, SS^SSW^ffltC** 

>>-'>-^Ui^ h ^ ? #R5— JtffiKS: £*if*l 
[0024] -F&jb^. x>-y>'*^»a*C*3S«C*»$ 

'l- 7 Sfe'ftSr IS jirT & Z t &X » -5 „ 
[ 0 0 2 5 ] <K4C. *#??J«§ft2 iSSfk 

(00201 . ii*is i o?m.mz, x.w> 
*?T*'#> 213 momim^mktx-^mm^m^ 



(0027) z<r>mmzjii\g. mmmmzx/^m 
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X l )L Theyls '.) > Y •, ? 3 i*jlc ti^ 7 y 7 
by5tf3*7-r 4 y-fo ■;, vizi. r>mmmi^ixx\'' 

fttt" 3> HIK^ ? y ? ft -fe 8 ^FESSi Silt ii 0 . 
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SMrt . SfaEBlSW?- 1-13, 1 34i^*i-e*Ll(S« 
S 6 #> 4$l<«t>±^rc R 1)*~> X mtSiVjlZ^tfX > 

S2»jR#- M 4 ► 1 4fi<-ii-S f *iaS*T-fciiU r T, x 

I o o 3 3 1 a*, m^yv^yy 1 2o»ig 

M 3. 13 tzmtix 6 J: 5 ic* <9T#4SKS3 
ffC^S, ~<7M >-^x^^ 1 2«5fe!g!l«i!ftfL«2'^ 

mmtkim 1 7 &*Lrsfflm-Kvxi 8i-igge£ 
tix& *) , c<^srasti*>T 1 8 fa W&M&EETV -/ 
v -v V U-* fa G J: -?T«B*aiE*fl£ft«aeH 
liS l=Sf#<b , y ->'x 7?1 2K.m&? & J: 5 lz%->X 

*LT. mE4 > ->-x ? * 1 2t: «fc 9«m* J Sttt2 
*»*?SttW2U**£«»8;fi* fa . tOffifltiSiitt 

h*?r&ft.T, titer 7 ?? \ l-WJSfcWWWciBi* 
lSh«««//W«i»^» -A . MiM 1 2<C 

[0 0 34] Birgtlia24:^-J:^<c, xy^'yiiO-fiB 
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G. jB«ffi6(^Xt*n^8>JS3EMI««UB-r&4c-yV 
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jftxo •/ f- 2 2 Ji . B|?H?)r ? W<yMZ*l L» 

"CPJlBTt'S. Jt d tc^tv^ . § t,lc, BirSE^o hA 
# 2 2 WtaJiT £ X Q ? b A-RHS-b >• 2 4 fa , 

[0035] i/c. ttiE*- y?23-t. *) i>TfSM 

;«X7-A<aM#2 6|±I3 3 fcfcj^f,* 
6<t « fa , 

2tl&— ^, x^?— yNii|P#2 6* { BfJ<tCi$itT.. If^f 
^^Wtfp ^©^* f ®v>Ji*ii|. J: ^ G* ') , «6S1<?>.-* 
>yyH««-*<5l S & fa fa it „ X 7-/W£##S5a £ 1 

a*-iSf->T^*, m&xyisyinifflffiKiit. imm 
<¥<?mmm&$:mu,? $ 02* ^ 3 0 #ffis&£i-iT ^ . 

<ciB*A 5 x 7- y r^Gjea&r* V^»9>4b 52>r-t yy-tf 

<9> a, »j ^ r -t > -9-* is v c fa t if «-c a e. , 
C 0 0 3 6 ] sbt , 65ia*)|!sav-5ivi> v* 2 9<om^a:(c 

^ » &£#J&?>1KTfc: i ->t ®iR L ti NO x ^«ttb 

[ 0 0 3 7 1 $ <^c, #52*1^3 1 W±«i!lfflG[4. Iff 
2 8 ^Stfl«.J}f»59--^2-«^tCiS«£^-lf* E 
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Jt*(3.xra y h/Hp 2 2<9B8£*r A£ < t S fc 2: 4, 
tm<rjm<&S.r>tmt:'MiMZ<it?>& ? tzlXto*) . i 

SI (Wi«fA/F = 30</>^) ft. 1S&!05 

ti. x>i>V<0«Kf|i»!H«*»L fiU*>4 VVjl?? 1 2<9 

1 2<t>&#**9 y h L T aft?l fp iMW<rW$ £ix£>&l# 
ttf»fc**JSU r ^7j <fcfeLTV>&«tti, 4 V 

? ? l 2«S^<C J; 0 AlL#msr **IT 

[oo4i ] memm ( -f > tw^aHfessjw 

<n) (a) <-) <*) li±x«9-^^««iSH-C 
3> »> , 13 5 ( t» > < c ) tCqs^J: o (C . j >-y i ? ? 1 



«^.tt* ! ns^2ft£fe!;tt: <a/f = 14. 7, a=d 
Xti') (JMT, X^ W-Kil^), -e-{05*>^ 

iasiwc*m^4>iii9£o®at < /n) vis. mm ( b ) <- 

US*!. iL*M0JIMl= 2^9fLT Hftai^'ti:* J; d tz LX 

-v^Uyg <^i-tfA/F= 1 3~1 4 ) t:$l]|»Lt:, 
T. x^'J^ft-I<J:^3) . «. niJaii»« (^) tc 

[0042] m&.&mt*: -YlCii^X. 4 W 

py/ltfjRJB^-e-KTti. SW2^JE»Ht*iTi»»L 

wsmftMa-j? 1 1 -rt js* ^izmmtztm (tun 

y ■■/'f'^-h'x-mmt-mLxmi-th^mi. mm 

&k#>iz, %<7)mw)mi%w0^mmmw3.x-im 
TZtt&zttmi.U'Vox'. zittz&'Ac, mmrn 
stvsmszb Lxmmmt&icmtxnfctz. 

^«fl!»fc:^ V~Jx.79 1 2<7>ltaai3 , )i©iJtffi«!i5-^TL 
a t gjUftHSft? & •- 1 * f «F^ L\^X\ i i> 

[0043]$^. BIH2mS'A#lT*'tf»WC 
EGR#34SflB#S-£T. EGR1B3 3(CJ:>) 

ISA'^ -tf r , 5NOx Witi ! J^& - 1 fA 

am t «s t ws^^ f«it ur ««sattt«r m±.$-#x 
<?>&xtv&^m^-4im!W&t lx , 

[ O 0 4 4 ] ( JftfidjlWISW} JMO&i < , <T c^|?*6* 
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I 0 0 4 5 J X 9— V&<?>*t tC*3W » 

h tz . e c u 4o^t »j - 9 $• atj f- * . 

frhrttifa 1S#? * vTJftft S it* x >• ^'v|alte»i>e> x 
770- fey* 2 1 ^£'Jwvc. 
*WceS:«3W-ft . «**t , *r '/7'S A 3 icfcvvt . 

iobjtf. 137 { a } <Cijr*-j: 31£. T9^>mmctt 

itT. ECU 4 Of>J* 1 Z t JtZf*ryb\,XS&&%hXt$ 
9 - Z?>-? v Tfr £ it S J; 3 £3r T , 
[O046ia>»t.Xf -v? S A4 Mi£A-f v 
7S A 3-C5£#>;£ (=i^©StPi«hjt XVxyB&Jfcnei; 
tCS^^f . 13 7 ( b ) tc^-T J: 3 lt^>'J> 1 ^ilfc 
H Sg*ffM<*J fcxyi/xBtcS&iei: (r^ffi-^ 

it-cajg Lfc77 tr*^fl^s^^-cs.&*>r 3 

T. ^•7- i-rSA6Cfct^T^i)69t^»lthtinj. HT*> 

sai ncaitf, iir. *EBwa«8Jtaitflsaww 
vsottttti. •eit-en. BS7 ( c ) . ( d > tc^-r t. 3 

jfi£M*<^>6^to<C*5g;&iU EC U 4 0<?^^ t.H- 
V-y7'.h LTaCISSitToT. d«0-? yTA»^gi»m* 
fi&A-StcSro-Ct.**. oil), «yp«S^CT5'CISx>- 

{00471 — B?£X:r ?7'SA4 (Cii^T . 
«WMWWWrv>N otm&Zixtiti. M<Af 7TSA 
7 , S AS ICt>> , -fft-ftl BfeS^mitafwt KS 2 
Of^1?ei^t*«fWW»IW-M;l»Jl.tttii»J2t* 

7(e). < f > tWWiti 5 f- . ®5v3fc«S3S>¥ 
cei:X >"^'y IslteStne t K^riJTh&ftllCffiS*^^® 

tt&MMJRUiUtil. tht.lnJ2{4 s iS«<o) 

mWsk&Zil. ttc. ffi& MM i-wz-f&w&VL® 
Xli . 1 IslB&C* 2 BiecJ5p#«jH*HSMB^tlil lull. 



IMiiU2£<a£$fe*. 

[ 0 0 4 8 1 WsEAt- v r S A 8 C8£< A? -> 7SA9 

02-t 0 J^iEfiKcfpa!)^- 2> IftflEtc^c ^ *C vv£ . A* 
•^>x ^-.Vi aaftc- K*U b H 

Siffj'/lSifC^eYEStfdSEtTXf-y^SA 1 0 

7SA1 ncmtr. x>-v*>.^a*4S.v^gtt\ti 
x^»J y-^^-F-CAiitf. ^^-FX-r^fBiJfti 
LT^^NOi^L, -eiOlif (cfb-0 ) T-x 
f?7SA 1 Ut38tr. 

(0049) Wge^T 1 r S A 6 . X-p r S A 9 Xti 
At-»7SA1 0fcKV»T. Xf-yTSA] lTli. BU 

[0050] 

t)S = KCKF X (ce/afw) X c#f X (1+cfb+ctoUl) 

m&.e>£'}&x>iS> ltf'ffl& (a) f/\) (-) 

02-0-9-3 OfrhVV&Mzgi^X? t- 

ffitt ) T'ti. cfb=0fc*2.f)T\ «S«i«9tfi<0M 
« 7 <f — K 7 * V- K*tWC$r & . 
(00 5 1] -tLX. C^X^^rSA 1 1 T<i. SIS 
2 «««ffSt9Wt a^SStt «At*« l>*S^r < 

WS«jil»«»i24:-r*. x>-i-->-l«jSIE4WS^J«5t 

3J!i5L. mzif. pm&Mmmi£*si>xmiw5X8iffi 

H t *+#tC*<iS»t l & h J: '3 fc ; 10 0^0^14 
Bfttt&jllSr 200^9 i ^< ^Jfet & ± 3^LT i> 

[00521 y 7SA11 izm *X , Xf r 7" 

SAI 2Tti. HSei^iK»:!_7 i :BgMS!!mqil.qi2{CS 
, <?li(J*08<c^|R"C^" J: 3 3c 4 > > J * ^ 9 1 2 
«iyJtBb#ft^ y7*M«^->-C. «ft*t/</kX©Ti 
S, fU, I<Xf77SAl 3Tti, 
>-^8A^>^ii-^<c3£-?V^, lE)Bai/2iSIBWi*tt 
B*?Jtlitiiij].thtinj2& ZixZixt mi . «9tWJW<==Sr 
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[00 5 31 6 (^-^ y P -<?>X 7-/rSA7- 

«fi««»^SB« C^) -f >y'x^ 1 2 

(0 0 541 (7 4-K/<v^llXtf[^R»)%(C. « 

[0 0 5 51 i-r. x>i/>i«»SE0B»2s*a»* 

ft^O2^v^3 0c0{itfJ («sy3>«. f$;Ltf09tc 
<fflx.l*, flSO. 5%) lcfcoT^&k§lc&$ 

^ttioty^^^Brswr** 

9 - h f&T)* * r S B 1 IZ *5 nt 02^ V*f 3 0 
^>HJ>jE*»»tf[ElkikttU- E>ElWrv»NO<rfe 
tfXf'yTS B Sicatf— E>E1"CYE SX'&fl 

mmm?m w*<< 9)\» fcfe t vc * e ^<3E*e 

E lUTT'fc^^tT-p M 3 KL . ,ltf>HSb&* Y E St 
<E£E.l) Xfr/SB 3tyfctt\ 7 4 — "H 

^iiiwwy* > C i *«* LX . K 

aw*, 

uNOh «5fc»*Lt affiX^fX t- 7TSB5 XU . Wag* 

W^>f yC^iDWLr, 4-EBS*3S:ai^4b— E> 
E 1 X'&^o f:NO "C^ittf Air 77'SB 7 |w)f/,T\ 

[0057jo2>K HII lte*fJ:$IC, jff^gtt 
ifctfU r*ffilX\ O2-fe>^3 0<?>iU*E#^«[El I }; 



[00581 (>(Vyx; ^mtm^raitiE) #ft 

[00601 ^J;5^>vx?^12CJ;^IBa« 
[006 1 1 ^^Tr ^^3ateJBfl5"Cii, x>^ltf 

r0062l L^L. j»I2SeSla. c, 
y x ^ ^ 1 2 <c± DttSW^- 2 H^»«l'Lr fc 

k. 2ElB^^ff»^J:^^«8t&^6^^»^ 

^J^tf. 2^1*1^X^.1 @B<opa«#ilj 

fc#v*Wffi?i*WiaWfc:**<ftTU. ^k^4=% 
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Six* * < SBW*£ fc eci & fc^/L &*i 

too 63 J (Wiif , *5«SWIIot:>'^xi fc Rfjto 

Jr.150 0 r pmXti3 OOOr pmabvtfhAHCllffi 
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(54) FUEL CONTROLLER FOR SPARK-IGNITED DIRECT INJECTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately learn 
dispersion of fuel injection amounts including those in 
very short valve opening times to accurately correct a 
flow rate characteristic of an injector 12 including a case 
of the very low flow rate characteristic, in a spark- 
ignited direct injection engine operated by a stratified 
charge combustion condition in a low-load and low- 
engine-speed side area and operated by a homogeneous 
charge combustion condition in other area. 
SOLUTION: The dispersion of the fuel injection amounts 
is learned based on a feedback correction value cfb, 
while divided injection in a suction stroke is forcibly 
conducted at the time of an idling operation condition in 
the stratified charge combustion area of the engine 1, 
while an injection time interval At in the divided injection 
is made to come to a prescribed time interval AtO or 
more, and while the respective fuel injection amounts are 
feedback-controlled to be brought into respective 
substantially stoichiometric air-fuel ratios based on signals from an oxygen sensor 30. Similar 
learning control is carried out only when the interval At comes to the prescribed time interval 
AtO or more, in the case where the engine 1 is operated within a homogeneous charge 
combustion area. 
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[Claim(s)] 

[Claim 1] In the fuel control system of the jump-spark-ignition formula direct- injection engine which equips the 
cylinder internal combustion glow room of an engine with the fuel injection valve which carries out injection supply 
of the propellant directly, and controlled the injection quantity and fuel injection timing of the propellant by this fuel 
injection valve The split injection control means which divides a propellant into multiple times by the 
aforementioned fuel injection valve in the intake stroke of a cylinder, or the term tn early stages of a compression 
stroke, and is made to inject when an engine is in predetermined operational status, An air-fuel ratio detection 
means to detect the air-fuel ratio status of the aforementioned combustion chamber, and a learning-control 
means to learn the deflection status from the desired value of the actual fuel oil consumption by the fuel injection 
valve based on the detection result by the aforementioned air-fuel ratio detection means, When it is a time of a 
split injection control of a propellant being performed by the aforementioned split injection control means and the 
deflection status of fuel oil consumption is learned by the aforementioned learning-control means So that the 
injection time spacing to start of the 2nd injection operation from an end of the 1 st injection operation by the fuel 
injection valve may become more than a predetermined time interval The fuel control system of the jump-spark- 
ignition formula direct-injection engine characterized by establishing this fuel-injection-timing setting means for 
the 1 st time to reach and to set up the start stage of the 2nd injection operation, respectively. 
[Claim 2] It is the fuel control system of the jump-spark-ignition formula direct-injection engine which an 
inhalation air-content detection means to detect the inhalation air content to the cylinder internal combustion 
glow room of an engine is established in a claim 1, and is characterized by constituting the learning-control means 
so that the deflection status of fuel oil consumption may be learned based on the detection value by the 
aforementioned inhalation air-content detection means. 

[Claim 3] It is the fuel control system of the jump-spark-ignition formula direct-injection engine carried out [ that 
a rotational frequency hold means hold an engine speed to an abbreviation fixed rotational frequency is established 
in a claim 1 when a split injection control of the propellant by the fuel injection valve is performed when a split 
injection control means has an engine in idle operational status and the deflection status of fuel oil consumption is 
learned by the learning-control means, and the aforementioned split injection control means performs a split 
injection control of a propellant, and ] as the characteristic feature. 

[Claim 4] It is the fuel control system of the jump-spark-ignition formula direct-injection engine which sets to a 
claim 3 and is characterized by constituting the rotational frequency hold means so that an engine speed may be 
held by rectifying ignition timing when ignition timing is set to the angle-or-delay side rather than predetermined 
optimum ignition timing or its predetermined near. 

[Claim 5] It is the fuel control system of the jump-spark-ignition formula direct-injection engine which sets to a 
claim 3 and is characterized by constituting the rotational frequency hold means so that an engine speed may be 
held by rectifying fuel oil consumption when ignition timing is set as predetermined optimum ignition timing or its 
predetermined near. 

[Claim 6] tt is the fuel control system of the jump-spark-ignition formula direct-injection engine characterized by 
being a time interval until change of the fuel oil consumption to which a predetermined time interval originates in 
this injection operation from an end of the 1st injection operation of a fuel injection valve in a claim 1 carries out an 
abbreviation convergence. 

[Claim 7] It is the fuel control system of the jump-spark-ignition formula direct-injection engine characterized by a 
predetermined time interval being abbreviation 2.9 ms in a claim 6. 

[Claim 8] It is the fuel control system of the jump-spark-ignition formula direct-injection engine characterized by 
being what sets up the start stage of the 1 st injection operation [ 2nd ] according [ on a claim 6 and / a fuel- 
injection-timing setting means ] to a fuel injection valve so that an injection time spacing may change according to 
the operational status of an engine except the time of learning, while setting up so that an injection time spacing 
may become abbreviation fixed time at the time of learning by the learning-control means. ; 
[Claim 9] The fuel control system of the jump-spark-ignition formula direct-injection engine characterized by 
establishing an ignition-timing control means to control ignition timing so that the output torque of an engine may 
become an abbreviation constant value when an engine is in the steady operation status and the deflection status 
of fuel oil consumption is learned by the learning-control means in a claim 8. 

[Claim 10] In the fuel control system which equips the cylinder internal combustion glow room of an engine with the 
fuel injection valve which carries out injection supply of the propellant directly, and controlled the injection 
quantity and fuel injection timing of the propellant by this fuel injection valve When an air-fuel ratio detection 
means to detect the air-fuel ratio status of the aforementioned combustion chamber, and an engine are in 
predetermined operational status The split injection control means which divides a propellant into multiple times by 
the aforementioned fuel injection valve in the intake stroke of a cylinder, or the term in early stages of a 
compression stroke, and is made to inject, When [ which is a time of a split injection control of a propellant being 
performed by the aforementioned split injection control means, and is depended on a fuel injection valve ] the 



injection time spacing to start of the 2nd injection operation from an end of the 1 st injection operation becomes 
more than a predetermined time interval The fuel control system of the jump-spark-ignition formula direct- 
injection engine characterized by establishing a learning-control means to learn the deflection status from the 
desired value of the actual fuel oil consumption by the fuel injection valve, based on the signal from the 
aforementioned air-fuel ratio detection means. 

[Claim 1 1] In the fuel control system which equips the cylinder internal combustion glow room of an engine with the 
fuel injection valve which carries out injection supply of the propellant directly, and controlled the injection 
quantity and fuel injection timing of the propellant by this fuel injection valve When an air-fuel ratio detection 
means to detect the air-fuel ratio status of the aforementioned combustion chamber, and an engine are in 
predetermined operational status When a split injection control of a propellant is performed by the split injection 
control means which divides a propellant into multiple times by the aforementioned fuel injection valve in the intake 
stroke of a cylinder, or the term in early stages of a compression stroke, and is made to inject, and the 
aforementioned split injection control means Based on the signal from the aforementioned air-fuel ratio detection 
means, a learning-control means to learn the deflection status from the desired value of the actual fuel oil 
consumption by the fuel injection valve is established, the aforementioned learning-control means To a learning 
value in case [ which is depended on a fuel injection valve ] the injection time spacing to start of the 2nd injection 
operation from an end of the 1st injection operation is more than a predetermined time interval The fuel control 
system of the jump-spark-ignition formula direct-injection engine characterized by being constituted so that a 
weighting bigger than the time of this injection time spacing being under a predetermined time interval may be 
carried out. 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention belongs to the technical field of a learning control 
which learns dispersion in the injection quantity which originates in the cylinder internal combustion glow room of 
an engine especially at the individual differences of this fuel injection valve etc. about the jump-spark-ignition 
formula direct-injection engine which was made to carry out injection supply of the propellant by the fuel injection 
valve directly (deflection status). 
[0002] 

[Description of the Prior Art] According to the operational status of an engine, the fuel oil consumption by the 
inhalation air content and fuel injection valve to a cylinder is adjusted, and it is made to control the air-fuel ratio of 
a gaseous mixture from the former by the common fuel-control system of a gasoline engine. And in order to avoid 
that a controllability faUs according to various factors, such as the individual differences of a fuel injection valve, 
and change of an operating environment, 02 sensor is arranged in the flueway of an engine and carrying out the 
feedback correction of the fuel oil consumption based on the signal from this 02 sensor is performed. Moreover, 
dispersion in fuel oil consumption is learned based on the signal from the 02 aforementioned sensor, and if there is 
technique of making it reflected in a fundamental fuel control and the learning result is carried out in this way, while 
the transient response nature of the aforementioned AFC can be raised, the control precision of the air-fuel ratio 
when not performing feedback correction can also be raised. 

[0003] by the way, in the direct-injection engine which injected the propellant directly into the high-pressure 
combustion chamber, since the injection pressure of a propellant is markedly alike and becomes high at a suction 
port compared with the thing of the port injection formula which injected the propellant, dispersion in fuel oil 
consumption tends to become large inevitably since the timing which can inject a propellant is restricted to a 
combustion chamber in a direct-injection engine, in order [ and ] to secure fuel oil consumption — the nozzle hole 
of a fuel injection valve — large — not carrying out — it does not obtain but dispersion in the injection quantity 
tends to become large also by this Thus, since a direct-injection engine has the inclination that injection-quantity 
dispersion by the individual differences of a fuel injection valve becomes large, dispersion in the injection quantity 
is actually learned as mentioned above, and rectifying the flow characteristics of a fuel injection valve based on the 
learning result is proposed (for example, refer to JP,5-214999,A). 
[0004] ■ 

[Problem(s) to be Solved by the Invention] The aforementioned conventional direct-injection engine is usually 
operated in the state of the so-called stratification combustion in the predetermined operating range by the side of 
a low load, however, in the state of this stratification combustion Since an air-fuel ratio cannot detect the air-fuel 
ratio status with high precision by 02 sensor in the ****** status in this way while the average air-fuel ratio of a 
combustion chamber can be changed into the very ****** status and mpg can be reduced considerably Feedback 
control of the above air-fuel ratios cannot be performed, and cannot actually learn dispersion in fuel oil 
consumption when there is little fuel oil consumption (i.e., the valve-opening time of a fuel injection valve) and it is 
short. 

[0005] and — the fuel injection valve for direct-injection engines which major-diameter-ized the nozzle hole of a 



fuel injection valve like **** — general — **** of valve-opening time — it differs from the typical flow 
characteristics when a minute flow characteristics when short is other (refer to map M of drawing 8 ), and the 
characteristic feature that the difference by the individual differences of a fuel injection valve is remarkable, and it 
is large is about this minute flow characteristics on it 

[0006] That is, in the direct-injection engine, although dispersion in fuel oil consumption may become large 
especially in the stratification combustion zone with a high operation frequency, the exact learning control in the 
status has the problem that it cannot carry out, therefore the room of an extensive improvement is left behind 
about the mpg and emission in this stratification combustion zone. 

[0007] It can consider that it is made to make a propellant inject in 2 steps about such a problem in order to 
shorten valve-opening time of a fuel injection valve as much as possible, while it switches to the uniform 
combustion status and it operates in the state of the theoretical air fuel ratio with a high detection precision by 02 
sensor only when learning dispersion in fuel oil consumption even when an engine is in the aforementioned 
stratification combustion zone. 

[0008] However, when a propellant is divided two and it was made to make it inject as mentioned above, it became 
clear that there is a new problem to change fuel oil consumption greatly by that. For example, according to the 
experimental data shown in drawing 1 2 , when carrying out the injection operation of the fuel injection valve twice 
by the comparatively short time interval, the fuel oil consumption by the 2nd injection operation will be in the 
unstable status change very greatly. It is thought that it is based on the ground which is referred to as changing the 
fuel oil consumption according [ **** is cooled with a propellant at the time of the injection operation which is the 
1 st time of ** fuel injection valve to which it is that a 2nd injection operation is started before, as for this, it 
changes the fuel pressure force greatly by 1 st injection operation of ** fuel injection valve and being completed by 
this pressure fluctuation, and fuel oil consumption is changed, contract momentarily, and ] to a 2nd injection 
operation by this. Anyway, in the status unstable in this way, dispersion in fuel oil consumption cannot be learned 
correctly. 

[0009] dispersion in the fuel oil consumption according [ this invention is made in view of ** or ****, and the place 
made into the purpose elaborates a device on the Lord of a direct-injection engine at the procedure of a fuel- 
injection control in a stratification combustion zone, and ] to a fuel injection valve — valve-opening time — **** 
— it is in enabling it to learn correctly including the short time 
[001 0] 

[Means for Solving the Problem] That the aforementioned purpose should be attained with the 1st resolution 
means of this invention When an engine is in a stratification combustion zone and the deflection status of fuel oil 
consumption is learned While the propellant was made to mainly inject by the intake stroke of a cylinder so that it 
may be in the uniform combustion status of abbreviation theoretical air fuel ratio, an injection operation of the fuel 
injection valve at that time is divided into multiple times, and the injection time spacing between the 1 st injection 
operations [ 2nd ] was set up more than the predetermined time interval. 

[0011] By invention of a claim 1, as shown in drawing 1 , the cylinder 2 internal-combustion glow room 6 of an 
engine 1 is equipped with the fuel injection valve 1 2 which carries out injection supply of the propellant directly, 
and it is premised concrete on fuel-control-system A which controlled the injection quantity and fuel injection 
timing of the propellant by this fuel injection valve 12. And split injection control means 40a which divides a 
propellant into multiple times by the aforementioned fuel injection valve 1 2 in the intake stroke of a cylinder, or the 
term in early stages of a compression stroke, and is made to inject when an engine 1 is in predetermined 
operational status, An air-fuel ratio detection means 300 to detect the air-fuel ratio status of the aforementioned 
combustion chamber 6, and learning-control means 40b which learns the deflection status from the desired value 
of the actual fuel oil consumption by the fuel injection valve 12 based on the detection result by this air-fuel ratio 
detection means 300, When it is a time of a split injection control of a propellant being performed by the 
aforementioned split injection control means 40a and the deflection status of fuel oil consumption is learned by the 
aforementioned learning-control means 40b the injection time spacing to start of the 2nd injection operation from 
an end of the 1 st injection operation by the fuel injection valve 1 2 becomes more than a predetermined time 
interval : — as — this — it considers as the configuration which prepares fuel-injection-timing setting means 40c 
which sets up the start stage of the 1st injection operation [ 2nd ]. respectively In addition, the term in early stages 
of [ compression stroke ] the aforementioned cylinder is a term until an inhaiation-of-air buib closes by the 
compression stroke of a cylinder. 

[001 2] An engine 1 is in predetermined operational status, and when a propellant divides into multiple times by the 
fuel injection valve 1 2 in the intake stroke of a cylinder 2, or the term in early stages of a compression stroke and 
it is injected by the aforementioned configuration, by it, dispersion in actual fuel oil consumption (deflection status) 
is learned by learning-control means 40b based on the detection value by the air-fuel ratio detection means 300. 
That is, it is enabled to learn fuel-oihconsumption dispersion when the valve-opening time of a fuel injection valve 
1 2 is relatively short with a sufficient precision by making a propellant divide and inject, operating an engine 1 by 
abbreviation theoretical air fuel ratio. 
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leam the deflection status of fuel oil consumption based on the ««* V 

injection contro. means has an engine in id.e operational status and the ^^SiS^W injection control 

~»™*«-«^ an engine is in idle 

[0016] performing a spirt injection contro^ of a W^J^ _ fuel-oil-consumption dispersion 

operational status -- the ^.^XTJ^^Z^ Z characteristics of a fuel injection valve is 
when short can be learned, and thereby, even wnen tne m.nu stratification combustion zone, the 

engine at the time of .earning is suppressed, and learning pr = ^an *™££%£ 3 ^ ho|d an engine 
[0017] In invention of a claim 4. the rotafonal frequency hold means ,n ^ven^on ° f a predetermi ned 
speed by rectifying ignition timing, when ignibon tim.ng ,s set £ W of abbreviation fixed 

optimum ignition timing or its predetermined near. By this an , en*ne s ^J a ^ e of ^ consumption 

itssse^^ ^ in *• domain by - side of * e 

njection valve so that an injection time spacing may become ^^t^ et up except The time of 
learning-control means, the fuel-injection-timing setting means in a claim 6 shall be set up except 



possible. 

[0023] In invention of a claim 9, when an engine is in the steady operation status and the deflection status of fuel 
oil consumption is learned by the learning-control means in invention of a claim 8, an ignition-timing control means 
to control ignition timing shall be established so that the output torque of an engine may become an abbreviation 
constant value. 

[0024] That is, when an engine is in the steady operation status, even if an injection time spacing changes in 
connection with the change with the time of learning of fuel-oil-consumption dispersion, and un-learning, the 
torque change by that can be prevented. 

[0025] Next, with the 2nd resolution means of this invention, it was a time of performing intake-stroke split 
injection, and only when the injection time spacing between the 1 st injection operation [ 2nd ] became more than a 
predetermined time interval, the deflection status of fuel oil consumption was learned. 

[0026] Invention of a claim 10 a propellant in the cylinder internal combustion glow room of an engine Namely, 
direct, An air-fuel ratio detection means to detect the air-fuel ratio status of the aforementioned combustion 
chamber on the assumption that the fuel control system which is equipped with the fuel injection valve which 
carries out injection supply, and controlled the injection quantity and fuel injection timing of the propellant by this 
fuel injection valve, The split injection control means which divides a propellant into multiple times by the 
aforementioned fuel injection valve in the intake stroke of a cylinder, or the term in early stages of a compression 
stroke, and is made to inject when an engine is in predetermined operational status, When [ which is a time of a 
split injection control of a propellant being performed by this split injection control means, and is depended on a 
fuel injection valve ] the injection time spacing to start of the 2nd injection operation from an end of the 1 st 
injection operation becomes more than a predetermined time interval Based on the signal from the aforementioned 
air-fuel ratio detection means, it considers as the configuration which establishes a learning-control means to 
learn the deflection status from the desired value of the actual fuel oil consumption by the fuel injection valve. 
[0027] Since according to this configuration the deflection status of fuel oil consumption is learned by the 
learning-control means only when the injection time spacing of the split injection by the fuel injection valve is more 
than a predetermined time interval, change of the fuel oil consumption at the time of the 2nd injection operation 
can fully learn fuel-oil-consumption dispersion with a sufficient precision in the state of the parvus as well as 
invention of a claim 1 . 

[0028] Next, with the 3rd resolution means of this invention, when performing intake-stroke split injection, while 
the deflection status of fuel oil consumption was learned, when the injection time spacing between the 1st injection 
operations [ 2nd ] of this fuel injection valve was more than a predetermined time interval, compared with the time 
which is not so, it was made to make a big weighting a learning result. 

[0029] Namely, invention of a claim 1 1 equips the cylinder internal combustion glow room of an engine with the fuel 
injection valve which carries out injection supply of the propellant directly, and is premised on the fuel control 
system which controlled the injection quantity and fuel injection timing of the propellant by this fuel injection valve. 
And when an air-fuel ratio detection means to detect the air-fuel ratio status of the aforementioned combustion 
chamber, and an engine are in predetermined operational status When a split injection control of a propellant is 
performed by the split injection control means which divides a propellant into multiple times by the aforementioned 
fuel injection valve in the intake stroke of a cylinder, or the term in early stages of a compression stroke, and is 
made to inject, and this split injection control means Based on the signal from the aforementioned air-fuel ratio 
detection means, a learning-control means to learn the deflection status from the desired value of the actual fuel 
oil consumption by the fuel injection valve is established. It considers as the configuration which makes a weighting 
bigger than the time of this injection time spacing being under a predetermined time interval a learning value in 
case [ which depends this learning-control means on a fuel injection valve ] the injection time spacing to start of 
the 2nd injection operation from an end of the 1st injection operation is more than a predetermined time interval. 
[0030] When the injection time spacing of the split injection by the fuel injection valve is more than a 
predetermined time interval, while the deflection status of fuel oil consumption can be correctly learned by the 
learning-control means as well as invention of a claim 10 according to this configuration, even if this injection time 
spacing is under a predetermined time interval, the learning frequency under engine operation can be raised by 
performing learning by the learning-control means. And a fall of learning precision can be suppressed to the degree 
of minimum by making a weighting a learning value according to the reliability of learning 
[0031] 

[Embodiments of the Invention] (Whole configuration) View 2 shows the whole fuel-control-system A configuration 
of the jump-spark-ignition formula direct-injection engine concerning the operation gestalt of this invention, and 1 
is the multi-cylinder gasoline engine carried in the vehicle. This engine 1 has two or more cylinders 2 and 2, the 
cylinder block 3 with which — (one is accepted and it illustrates) was prepared in series, and the cylinder head 4 
arranged on this cylinder block 3, the piston 5 is fitted in possible [ reciprocation in the vertical orientation of 
drawing ] into this ****** 2, and the combustion chamber 6 is divided in the cylinder 2 between the top face of the 
piston 5, and the base of the cylinder head 4. On the other hand than the aforementioned piston 5, in the downward 
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cylinder block 3, it is supported free [ rotation of a crankshaft 7 1 and the drive link of this crankshaft 7 and piston 
5 is carried out by the connecting rod. Moreover, the electromagnetic crank angle sensor 8 which detects the angle 
of rotation is arranged in the end side of a crankshaft 7. further, the water jacket in a cylinder block 3 is attended, 
and the coolant temperature sensor 9 which detects a circulating water temperature (engine water temperature) is 
arranged. 

[0032] While being attached in the cylinder head 4 of the combustion chamber 6 upper part for every 
aforementioned cylinder 2 so that the ignition plug 11 connected to the ignition circuit 10 may attend the upper 
part of a combustion chamber 6, the injector (fuel injection valve) 12 is attached in the periphery section of a 
combustion chamber 6 so that direct injection supply of the propellant may be carried out. That is. as shown also in 
drawing 3 , the cavity which consists of two inclined planes every cylinder 2 is formed in the base of the cylinder 
head 3, inhalation of air and the exhaust air ports 13 and 14 are carrying out opening of every two to each of this 
inclined plane, respectively, and inhalation of air and the exhaust air bulbs 15 and 15, and — are arranged so that 
each of that opening edge may be opened and closed The aforementioned suction ports 13 and 13 are linearly 
prolonged toward the slanting upper part from a combustion chamber 6, respectively, and are carrying out opening 
to the 1 side face (left lateral of drawing 2 ) of an engine 1 , and on the other hand, the aforementioned exhaust air 
ports 1 4 and 1 4 are prolonged at an abbreviation horizontal, respectively, and are carrying out opening to the other 
side faces (right lateral of drawing 2 ) of an engine 1 . 

[0033] Moreover the aforementioned injector 12 is arranged at the lower part so that it may be inserted into two 
suction ports 13 and 13. The nose of cam side nozzle hole of this injector 12 approaches **** of two inhalation- 
of-air bulbs 15 and 15, and the periphery section of a combustion chamber 6 is faced it, and it injects a propellant 
from the side to this combustion chamber 6. On the other hand, it connects with the hyperbaric-pressure fuel 
pump 18 through the fuel-supply path 17 common to all cylinders, and an injector 12 is supplied to an injector 12, 
adjusting a propellant in the proper pressure status with this hyperbaric-pressure fuel pump 18 and the 
hyperbaric-pressure pressure regulator outside drawing. Moreover, the fuel-pressure sensor 19 for detecting the 
fuel pressure force (fuel pressure) is formed in the aforementioned fuel-supply path 17. And if a propellant is 
injected by the aforementioned injector 1 2 after the compression stroke middle of a cylinder 2, the trap of the fuel 
spray will be carried out to mold cavity 5a of the shape of an ellipse formed in the top face of a piston 5, and the 
layer of an enriched mixture will be formed relatively [ neighborhood / ignition plug 11 ]. on the other hand, if a 
propellant is injected by the intake stroke of a cylinder 2 by the aforementioned injector 12, the fuel spray will be 
diffused in a combustion chamber 6, and will be mixed with inhalation of air — having — abbreviation ~ a uniform 
gaseous mixture is formed 

[0034] As shown in the aforementioned view 2 . the inhalation-of-air path 20 is connected to the 1 side face of an 
engine 1 so that it may be open for free passage to a suction port 13. This inhalation-of-air path 20 supplies the 
inhalation of air filtered by the air cleaner outside drawing to the combustion chamber 6 of an engine 1, and the 
hot-wire formula intake air flow sensor 21 (inhalation air-content detection means) which detects the inhalation air 
content inhaled in a combustion chamber 6, the electric-type throttle valve 22 which extracts the inhalation-of- 
air path 20, and the surge tank 23 are arranged in order toward the lower-stream-of-a-river side from the 
upstream side, respectively. The aforementioned electric-type throttle valve 22 is not mechanically connected to 
the accelerator pedal outside drawing, but is driven by the electrical motor, and is opened and closed. Furthermore, 
the throttle opening sensor 24 which detects the opening of the aforementioned throttle valve 22, and the 
intake-pressure sensor 25 for detecting the pressure status of down-stream inhalation of air rather than this 
throttle valve 22 are arranged, respectively. 

[0035] Moreover, rather than the aforementioned surge tank 23, the inhalation-of-air path 20 by the side of a lower 
stream of a river is made into the independent path which branches every cylinder 2, the down-stream edge of 
each of that independent path branches to two more, it is open for free passage to suction ports 8 and 8, 
respectively, and the swirl control valve 26 is formed in one side of the fork road. This swirl control valve 26 
consists of a butterfly valve, as shown also in drawing 3 , is driven with an actuator, and is opened and closed. And 
if this swirl control valve 26 is closed, as for inhalation of air, most will flow into a combustion chamber 6 only from 
the fork road of another side. While a swirl strong against this combustion chamber 6 is generated, the swirl control 
valve 26 takes for opening, inhalation of air comes to be inhaled from both fork roads and the tumble component of 
inhalation of air becomes strong The flueway 28 which discharges combustion gas (exhaust air) from a combustion 
chamber 6 is connected to the other side faces of the aforementioned engine 1 in which a swirl component 
becomes weaker. The upper edge of this flueway 28 consists of an exhaust manifold 29 which branches every 
cylinder 2 and is open for free passage in the exhaust air port 14. and 02 sensor 30 which detects the oxygen 
density under exhaust air is arranged in the set section of this exhaust manifold 29. Although the so-called lambda 
sensor which an output inverts in the shape of a step bordering on theoretical air fuel ratio is used so that this 02 
sensor 30 may correspond to the air-fuel ratio detection means for detecting an air-fuel ratio based on the oxygen 
density under exhaust air and it may illustrate to drawing 9 with this operation gestalt, it is possible not only this 
but to use the so-called linear sensor by which the linear output according to the oxygen density is obtained in the 
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large domain containing theoretical air fuel ratio. 

[0036] Moreover, the upper edge of an exhaust pipe 31 is connected to the set section of the aforementioned 
exhaust manifold 29, and the catalyst 32 for purifying exhaust air is connected to the down-stream edge of this 
exhaust pipe 31. While the oxygen density under exhaust air absorbs NOx in the high hyperoxia ambient 
atmosphere (for example, 4% or more), this catalyst 32 is the thing of NOx absorption reduction type which emits 
and carries out the reduction depuration of the NOx absorbed by fall of an oxygen density, and demonstrates the 
high exhaust air depuration performance as the so-called three way component catalyst in which it is especially 
the same near the theoretical air fuel ratio. 

[0037] Furthermore, multipoint connection of the upper edge of the EGR path 33 which makes a part of exhaust air 
which flows a flueway 28 flow back in an inhalation-of-air system is carried out to the upstream side of the 
aforementioned exhaust pipe 31. It connects with the inhalation-of-air path 20 between the aforementioned 
throttle valve 22 and the surge tank 23, the EGR valve 34 of the electric type in which opening adjustment is 
possible is arranged in the near, and the down-stream edge of this EGR path 33 adjusts the amount of reflux of 
exhaust air by the EGR path 33. 

[0038] The operation control of the drive motor of the ignition circuit 10 of the aforementioned ignition plug 11, the 
injector 1 2, and the electric-type throttle valve 22, the actuator of the swirl control valve 26, the actuator of the 
electric-type EGR valve 34, etc. is carried out by the control unit 40 (henceforth ECU). On the other hand, the 
output signal of the accelerator opening sensor 35 which each output signal of the aforementioned crank angle 
sensor 8, the coolant temperature sensor 9, the intake air flow sensor 21 , the throttle opening sensor 24, the 
intake-pressure sensor 25, and 02 sensor 30 is inputted, in addition detects the opening (accelerator control 
input) of an accelerator pedal at least, and each output signals, such as an intake temperature sensor which 
detects an intake-air temperature although not illustrated, and an atmospheric pressure sensor which detects 
atmospheric pressure, are inputted into this ECU40. 

[0039] (Schema of an engine control) Aforementioned ECU40 controls the reflux rate of the exhaust air adjusted 
by the fuel oil consumption by the injector 1 2 and fuel injection timing, the inhalation air content adjusted by the 
throttle valve 22, the inhalation-of-air swirl strength adjusted by the swirl control valve 26, and the EGR valve 34 
etc. as a control parameter related to an engine output according to the operational status of an engine 1, 
respectively. Thereby, according to the operational status, the gestalt of the fuel injection by the injector 12 is 
changed, and an engine 1 is operated in the state of different combustion (operation mode). 

[0040] That is. as shown, for example in drawing 4 , as predetermined field (**) by the side of low load low rotation 
is made into a stratification combustion zone at the time between [ of an engine 1 ] **s and it is shown in drawing 
5 (a), a propellant is put in block with an injector 1 2 after the compression stroke middle of a cylinder 2, and it is 
made to inject, and becomes the combustion mode burned in the state of the stratification in which a gaseous 
mixture is unevenly distributed near the ignition plug 11. In this stratification combustion mode, in order to reduce 
the pumping loss of an engine 1, while the opening of a throttle valve 22 is enlarged, like the after—mentioned, it is 
made to flow back a lot of exhaust air, and the average air-fuel ratio of the combustion chamber 6 at this time will 
be in the very ****** status (about [ for example, ] A / F= 30). In addition, although the aforementioned view 5 is 
the timing-diagram view having shown typically the fuel injection timing of an engine, i.e., an injection operation of 
an injector 12, it corresponds to the valve-opening status that **** of an injector 12 carries out the lift of 
describing this drawing as "ON", and a propellant is injected from a nozzle hole, and, on the other hand, describing 
it as "OFF" corresponds to the valve-closing status that the nozzle hole is shut by **** of an injector 1 2. 
[0041] on the other hand — the aforementioned field (**) — all operating-range (**)(**)(**)(**)s of an except are 
made into the uniform combustion zone, and become the combustion mode burned after making the propellant 
inject by the intake stroke of a cylinder 2 with an injector 1 2, fully mixing with inhalation of air and forming a uniform 
gaseous mixture in a combustion chamber 6, as shown in drawing 5 (b) and (c) In field (b)(c)(d) of this uniform 
combustion zone So that the air-fuel ratio of the gaseous mixture in a combustion chamber 6 may turn into 
abbreviation theoretical air fuel ratio (A/F-14.7, lambda= 1) Fuel oil consumption, the throttle opening, etc. are 
controlled (henceforth the strike ****** mode), on the relative target to shoot in field (c) of rotation among an 
inside load As shown in this drawing (b), an injector 1 2 divides a propellant two during the first half of an intake 
stroke, or the middle, and it is m3de to inject. Thereby, it is fully spread in the quick term of the inhalation-of-air 
rate of flow to a combustion chamber 6. and it is mixed with inhalation of air, the fuel spray will be in the good 
uniform combustion status, and a reduction of mpg or an emission is achieved. Moreover, at operating-range (e) by 
the side of the heavy load in a uniform combustion zone, or high rotation, it is the status (for example, A/F-1) more 
rich than theoretical air fuel ratio about an air-fuel ratio. In addition, you may be made to perform split injection of 
the propellant in the aforementioned field (c) in the term in early stages of a compression stroke from the intake 
stroke of a cylinder 2. 

[0042] Moreover, in each aforementioned operation mode, it is made to carry out a change setup of the fuel 
injection timing (valve-opening stage) of the propellant by the injector 12 according to the operational status of an 
engine 1. For example, in the stratification combustion mode, securing the time for vaporization atomization of the 
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propellant injected by the compression stroke of a cylinder 2, fuel injection timing is mainly set up according to fuel 
oil consumption or an engine speed so that this fuel spray may be pertinently stratification-jzed centering on the 
ignition plug 11 neighborhood. On the other hand, since it is desirable to terminate injection of the propellant by 
around the middle of an intake stroke in order to promote efficiently vaporization atomization of a propellant, a 
diffusion, and the mixture with inhalation of air when injecting a propellant collectively in the strike ****** mode or 
the enrichment mode, fuel injection timing is mainly set up according to fuel oil consumption so that it may become 
so. Moreover, since it is desirable to set up pertinently injection time spacing deltat after ending the. 1 st injection 
operation of an injector 12 other than the above conditions until it starts the 2nd injection operation when a 
propellant is divided two and it makes it inject, this is also taken into consideration and it is made to set up the 1 st 
time and the 2nd valve-opening stage of an injector 1 2, respectively. 

[0043] Furthermore, in the field which puts in and shows the oblique line in this drawing, the EGR valve 34 is made 
to open and it is made to flow back to the inhalation-o^air path 20 by the EGR path 33 in a part of exhaust air, and 
by this, the heat capacity of a combustion chamber 6 can be increased by reflux of exhaust air, and occurrence of 
NOx accompanied by combustion can be suppressed. Since the mixture with a propellant and inhalation of air is 
especially promoted by split injection of a propellant by field (c) and the combustion stability is raised, even if it is 
in the status that an engine load is comparatively high, exhaust air of sufficient amount can be made to flow back. 
In addition, at the time between the engine colds, in order to secure a combustion stability, all the operating ranges 
of an engine 1 are made into the uniform combustion zone. 

[0044] (Fuel-injection control) While an operation mode is switched with this operation gestalt like **** according 
to the operational status of an engine 1 , it is made to change fuel injection timing so that the combustion status of 
the propellant injected with the injector 1 2 may become the optimum from the viewpoint of coexistence of a mpg 
performance or an exhaust air defecation. Along with the following, it explains in the flow chart view of an engine 1 
which shows the procedure of a fundamental fuel-injection control in drawing 6 concretely. 

[0045] First, in step SA1 after a start, while various sensor signals, such as the crank angle sensor 8, the coolant 
temperature sensor 9, the fuel-pressure sensor 19, the intake air flow sensor 21, the intake- pressure sensor 25, 
and the accelerator opening sensor 35, are accepted, various data are inputted from the memory of ECU40. Then, 
in step SA2, the inhalation-of~air charging efficiency ce is calculated based on the engine speed ne and the output 
from an intake air flow sensor 21 which are calculated based on the output from the crank angle sensor 8. Then, 
target load Piobj of an engine 1 is calculated in step SA3. As shown in drawing 7 (a), the value corresponding to the 
accelerator opening acc and the engine speed ne is determined experimentally beforehand, is memorized by the 
memory of ECU40 as a map, and reads this target load Piobj from this map. 

[0046] Then, in step SA4, it judges whether it is a stratification combustion zone based on target load Piobj and the 
engine speed ne for which it asked by aforementioned step SA3 from the map which matched and set the operation 
mode of an engine 1 to target load Piobj and the engine speed ne as shown in drawing 7 (b). If this judgment result 
is YES, it will progress to step SA5, and the target air-fuel ratio afw of an engine 1 will be calculated, then fuei- 
injection-timing thtinj, i.e., the valve-opening start stage of an injector 12, will be calculated in step SA6, and it will 
progress to step SA1 1. Here, as shown in drawing 7 (c) and (d), the optimum value corresponding to target load 
Piobj and the engine speed ne is determined experimentally beforehand, is memorized by the memory of ECU40 as 
a map, and reads the aforementioned target air-fuel ratio and the value of fuel injection timing from this map, 
respectively. That is, in the stratification combustion status, fuel oil consumption is determined according to target 
load Piobj of an engine 1 . 

[0047] On the other hand, if judged with NO which is not a stratification combustion zone in aforementioned step 
SA4, in continuing steps SA7 and SA8, the target air-fuel ratio afw and the fuel injection timing thtinj 1 and thtinj2 
in the intake stroke of a cylinder 2 will be calculated, respectively. As shown in drawing 7 (e) and (f), respectively, 
the optimum value corresponding to the inhalation-of^air charging efficiency ce and the engine speed ne is 
determined experimentally beforehand, is memorized by the memory of ECU40 as a map, and also reads this target 
air-fuel ratio and the value of fuel injection timing from this map. That is, in the uniform combustion status, fuel oil 
consumption is determined according to the actual inhalation~of-air charging efficiency ce of a cylinder 2. 
Moreover, in the operational status corresponding to field (b)(d) in the aforementioned fuel injection timing thtinjl 
and thtinj2, only the 1 st fuel injection timing thtinjl is set up, and the fuel injection timing thtinjl and thtinj2 of the 
1 st time and the 2nd both is set up in the operational status corresponding to field (c). 

[0048] In step SA9 which follows aforementioned step SA8, feedback control of an air-fuel ratio based on the 
output signal from 02 sensor 30 can be performed, or (are they F / B condition formation?) it judges in how. For 
example, if engine water temperature is more than predetermined temperature, and it is in the status that 02 
sensor 30 operates correctly and the operation mode of an engine 1 is the strike ****** mode (field (**)(**)(**)), 
it judges with YES in which feedback conditions are satisfied, and progresses to step SA10, and based on the 
output signal from 02 sensor 30, the feedback correction value cfb of fuel oil consumption will be calculated, and it 
will progress to step SA1 1 . NO in which feedback conditions will not be satisfied on the other hand if engine water 
temperature is low or is the enrichment mode — judging — as it is — coming out (cfb=0) — it progresses to step 
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[0049] Following aforementioned step SA6 step SA9 or sten SAm hw cah u 



[0058] (Learning correction of an injector flow characteristics) The characteristic feature of this invention is in the 
procedure of the learning correction control which rectified injector flow-characteristics map M based on the 
feedback correction value cfb, in order to rectify dispersion in the fuel oil consumption by the individual differences 
of an injector 1 2 etc. 

[0059] That is, the flow characteristics of the aforementioned injector 12 differs from the typical flow 
characteristics when the minute flow characteristics at the time (TKTi*) of the **** parvus has other injection 
pulse width (Ti>=Ti*), as shown in map M of aforementioned view 8 , and M\ This typical flow characteristics is 
expressed with the property of abbreviation alignment that the injection pulse width Ti is proportional to fuel-oil- 
consumption q [ the large domain of injection pulse width Ti ]. On the other hand, although a minute flow 
characteristics is greatly different with each injector 1 2, sufficient repeatability is obtained about one injector 1 2. 
[0060] In order to raise the control precision of the fuel oil consumption by such injector 1 2, while injection pulse 
width Ti and fuel-oil-consumption q leam dispersion in actual fuel oil consumption and grasp the typical flow 
characteristics of an injector 1 2 correctly in the domains b, c, d, and e which show a linear correspondence relation, 
it is necessary to leam dispersion in actual fuel oil consumption also about **** parvus domain a of injection pulse 
width Ti corresponding to a minute flow characteristics. 

[0061] Then, when an engine 1 is in field (**) which performs intake-stroke split injection essentially with this 
operation gestalt (domains c and d in the field map of drawing 4 ), And when it is in field (**)(**) which performs 
intake-stroke batch injection (similarly domain e), while dispersion in fuel oil consumption is learned based on the 
signal from 02 sensor 30, respectively When the engine 1 is idle operational status, it is made to perform learning 
about domain a by considering learning about domain b as 2 **** injection again at this time as intake-stroke batch 
injection compulsorily, respectively. About especially this domain a, as mentioned above, since it is the large place 
of dispersion by the individual differences of an injector 1 2, the need of learning is high. 

[0062] However, when an Injector 1 2 divides a propellant into 2 times like the aforementioned domains a, c, and d, 
it is made to inject and injection time spacing deltat between the injection operation becomes short, the amount of 
the propellant injected by the 2nd injection operation may be in the unstable status change greatly, and the 
learning result of fuel-oil-consumption dispersion at this time may lack a reliability remarkably. Possibility that 
such a phenomenon will occur especially since the time interval corresponding to the same crank angle spacing 
becomes short relatively in an engine's 1 like domain c high rotation side is very high. Moreover, it is thought by the 
fuel pressure force's declining greatly momentarily in connection with the 1 st injection operation inside an injector 
1 2, and the pressure wave generated at this time spreading the inside of the fuel-supply path 1 7, and exciting a 
fuel-supply system as a cause by which ** or ******** occurs, for example, that it is based on changing greatly 
the fuel pressure force supplied to an injector 12. 

[0063] For example, the experimental data performed using the gasoline engine which has the same combustion 
chamber structure as the engine 1 of this operation gestalt is shown in drawing 1 2 . In this experiment, the amount 
of deflection from the desired value of actual fuel oil consumption is measured, changing various the 1st fuel oil 
consumption, engine water temperature, ignition timing, etc., while maintaining an engine speed to either 1500rpm 
or 3000rpm. If it takes into consideration that solid-state dispersion of an injector and the error of instrumentation 
which were used for the experiment are included in this measurement value, the amount of deflection of the fuel oil 
consumption by the 2nd injection operation of an injector 12 Although it changes quite greatly until injection time 
spacing deltat turns into predetermined time interval deltatO (the example of drawing 2.9 mses), if injection time 
spacing deltat turns into the zero or more aforementioned predetermined time interval deltat, on the other hand, it 
can be said that it goes to a convergence quickly. 

[0064] And if fuel oil consumption is changed greatly as mentioned above, since it is difficult, learning dispersion in 
the fuel oil consumption by the individual differences of an injector 12 etc. with a sufficient precision In fuel- 
controi-system A of this operation gestalt, it is based on an above-mentioned **** test result, as a characteristic 
feature fraction of this invention When it is a time of an injector 1 2 dividing a propellant into 2 times, and making it 
inject and fuel-oil-consumption dispersion by this injector 1 2 is learned We decided that the start stage of the 
aforementioned 1 st injection operation [ 2nd ] is set up, respectively so that injection time spacing deltat in the 
meantime may become more than a predetermined time interval. 

[0065] Next, the procedure of the learning control of fuel oil consumption is explained based on drawing 13 - view 
15 . First, in step SC1 after a start of the flow shown in drawing 13 , while various sensor signals, such as the crank 
angle sensor 8, the intake air flow sensor 21, 02 sensor 30, and the accelerator opening sensor 35, are accepted, 
various data are inputted from the memory of ECU40. Then, in step SC2, it judges whether an engine 1 is idle 
operational status based on the accelerator opening acc and the engine speed ne. If a judgment is YES while 
progressing to step SD1 of the flow shown in drawing 15 , if this judgment is NO, it will progress to step SC3 and 
learning judging flag Flm will judge shortly whether it is an OFF state. It is what shows that learning was completed, 
the time a and b's of the engine 1 being idle operational status, as for this learning judging flag Flm, i.e., domains, — 
about — This judgment result judges with having already completed learning, when the flag was turned on (Flrn=1) 
by NO. It remains as it is, and while carrying out a return, if flag Flm is turned off by YES (Flrn=0), a judgment result 



will judge with having not yet completed learning, and will progress to step SC4. 

[0066] In this step SC4, shortly, learning setup flag Fprp which shows that learning is ready judges whether it is an 
ON state, in the following steps SC5-SC8, and SC14-SC17, if a judgment result is YES while progressing to 
below-mentioned step SC18, if this judgment result is NO, it will judge with it having learning been ready, and 
learning about domain a and domain b will be performed, respectively. That is. in step SC5, a flag Fb judges first 
whether it is an OFF state. In the domain fuel-oil-con sumption q and injection pulse width Ti indicate a linear 
correspondence relation to be, as for this flag Fb, injection pulse width Ti shows that learning of fuei-oii- 
consumption dispersion was most completed about parvus domain b (refer to the drawing 8 ). finishing [ a result / 
a flag / b / domain / learning ] in NO already if this judgment result is turned on (Fb=1) — it is — since — if the 
flag Fb is turned off by the judgment result by YES while it progresses to step SC14 and the learning control about 
domain a is performed (Fb=0) — learning about domain b — yet — it is — it progresses to step SC6 
[0067] The operation mode of the engine 1 made into the stratification combustion status is compulsorily changed 
into the uniform combustion mode, and while a propellant is made to inject collectively by the intake stroke of a 
cylinder 2 so that the air-fuel ratio of a combustion chamber 6 may turn into abbreviation theoretical air fuel ratio 
(it is set as inhalation-o^air batch injection), the feedback control of fuel oil consumption is made to perform 
originally in this step SC6 based on the signal from 02 sensor 30. And based on the feedback correction value cfb 
used for the feedback control in this status in continuing step SC7, the deflection to the target fuel oil 
consumption of actual fuel oil consumption is learned, and a flag Fb is made into an ON state by continuing step 
SC8 (Fb<-1). That is, the feedback correction value cfb is memorized for every cycle of the feedback control of 
fuel oil consumption, and average cfb#ave for a predetermined cycle is calculated as a learning value which shows 
dispersion in fuel oil consumption. This average cfb#ave is a value reflecting the property of the deflection of the 
injection quantity by the injector 1 2, if average cfb#ave is a positive value, there is less actual fuel oil consumption 
than target fuel oil consumption, and if average cfb#ave is a negative value on the other hand, there will be more 
actual fuel oil consumption than target fuel oil consumption. 

[0068] Then, in step SC9, the rotational frequency deflection of the engine speed ne for which it is asked based on 
the signal from the crank angle sensor 8, and predetermined idle rpm is calculated, and in continuing step SC1 0, 
based on the rotational frequency deflection, a tooth lead angle or the ignition-timing control which carries out the 
angle of delay is performed for ignition timing so that an engine speed ne may turn into the aforementioned idle rpm. 
That is, as shown in drawing 14 , when the air-fuel ratio of a combustion chamber 6 is abbreviation theoretical air 
fuel ratio (14.7), the output torque of an engine 1 can be adjusted for ignition timing by the angle-of-delay side 
rather than MBT a tooth lead angle or by carrying out angle-of-delay correction, and an engine speed ne can be 
held to idle rpm. In addition, it is the thing of the minimum tooth-lead-angle value (Minimum Advance for the Best 
Torque) corresponding to [ a thing ] well-known optimum ignition timing when the mechanical luminous efficacy of 
an engine 1 becomes the highest in MBT shown in this drawing, and generally, ignition timing of an engine is set to 
an angle-of-delay side rather than MBT, in order to prevent aggravation of remarkable combustion status, such as 
a flame failure. 

[0069] And in step SC1 1, judge whether ignition timing is in MBT or its near as a result rectified as mentioned 
above, and if this judgment result is YES, it will progress to step SC1 2. If ignition timing has a judgment result in an 
angle-of-delay side rather than MBT by NO while making learning setup flag Fprp into an OFF state (Fprp<-0), it 
will progress to step SC13, learning setup flag Fprp will be made into an ON state (Fprp<-1), and a return will be 
carried out to after an appropriate time. That is, if there is no ignition timing in MBT or its near, and in other words 
it is set to the angle-of-delay side more than predetermined rather than MBT, it will judge with it having learning 
been ready. 

[0070] In step SC14 which was flag Fb=1, judged with finishing [ learning ] already and progressed about domain b 
in aforementioned step SC5 on the other hand While the operation mode of an engine 1 is compulsorily changed 
into the uniform combustion mode, in order to perform learning about domain a corresponding to the minute flow 
characteristics of an injector 1 2, a propellant is divided into 2 times and it is made to make it inject by the intake 
stroke of a cylinder 2 (it is set as inhalation-of-air split injection). In this case, as shown in the aforementioned 
view 1 2 , in order to avoid changing fuel oil consumption greatly, injection time spacing deltat sets up, respectively 
so that it may become at zero or more predetermined time interval deltat (deltat>=deltat0) p and it is in this status, 
and the 1 st time and the 2nd fuel injection timing thtinil and thtinj2 of an injector 1 2 make the feedback control of 
fuel oil consumption perform to step SC15 based on the signal from 02 sensor 30. 

[0071] Then, in step SC16, based on the feedback correction value cfb, the deflection status of fuel oil 
consumption is learned like aforementioned step SC7, by continuing step SC17, after making learning judging flag 
Flrn into an ON state (Flrn<~1), it progresses to the aforementioned steps SC9-SC13, and an ignition-timing 
control is performed so that an engine speed ne may be held to idle rpm, and a return is carried out to after an 
appropriate time. 

[0072] That is, if an engine 1 is in idle operational status, and learning in either of the domains a and b does not end 
and learning is ready, while the engine 1 which is in the stratification combustion status will be compulsorily 
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switched to the uniform combustion status in theoretical air fuel ratio, feedback control is made to perform based 
on the signal from 02 sensor 30, and it is made to learn dispersion in fuel oil consumption based on the feedback 
correction value cfb. 

[0073] On the other hand, in aforementioned step SC4, when judged with learning not being ready (i.e., when 
ignition timing is near the MBT and learning setup flag Fprp is made into the OFF state), it progresses to (Fprp=0) 
step SC18, and the operation mode of an engine 1 is first changed into the uniform combustion mode compulsorily. 
Then, in step SC19, a control signal is outputted to the drive motor of the electric-type throttle valve 22, and by 
increasing a throttle opening, an inhalation air content is increased so that the output torque of an engine 1 may 
increase. Ignition timing is rectified at an angle-of-delay side so that increase of the output torque by increase of 
an inhalation air content may be offset by carrying out like this by ignition-timing control of continuing steps SC9 
and SC1 0. Thus, if a setup of learning is made, by continuing step SC1 1 , it will be judged with NO and learning setup 
flag Fprp will be made into an ON state in continuing step SC1 3 (Fprp=1 ). In addition, in order to carry out the angle 
of delay of the ignition timing as mentioned above, an inhalation air content is increased, and the output torque of 
an engine 1 is not raised but it may be made to increase the fuel oil consumption by the injector 12. 
[0074] Moreover, when judged with NO whose engine 1 is not idle operational status in aforementioned step SC2, it 
progresses to step SD1 of the flow shown in drawing 15 , and, whether the engine 1 is operated by field (c) in the 
uniform combustion mode, and originally that is, judges whether it is the operating range considered as intake- 
stroke split injection. If a judgment is YES while progressing to step SD6, if this judgment is NO, it will progress to 
step SD2 and the start stage thtinjl and thtinj2 (split fuel injection timing) of the 1 st injection operation [ 2nd ] of 
the injector 1 2 at this time will be read. And in continuing step SD3, injection time spacing deltat is calculated 
based on the aforementioned split fuel injection timing thtinjl and thtinj2. 

[0075] Then, in step SD4, if the calculated aforementioned injection time spacing deltat judges whether they are 
zero or more predetermined time interval deltat and this judgment result becomes YES, it will progress to step SD5, 
fuel-oil-consumption dispersion will be learned like the aforementioned steps SC7 and SC14 based on the 
feedback correction value cfb, and a return will be carried out to after an appropriate time. On the other hand, if 
the aforementioned judgment result becomes NO,, the return of the learning control will be carried out, without 
carrying out. That is, the engine 1 is operated by field (c), it is a time of inhalation-of-air split injection being 
performed essentially, and injection time spacing deltat of split injection learns fuel-oil-consumption dispersion, 
only when long enough. Thereby, in the middle, injection pulse width Ti can learn fuel-oil-consumption dispersion of 
an about correctly, a degree (domain c) or when large (domain d). 

[0076] Furthermore, at step SD6 which progressed by being judged with NO which is not field (c) in the 
aforementioned step SD1 , it judges whether it is in field (b) or (d) shortly. If this judgment is YES, it will progress to 
the aforementioned step SD5, and the learning control about domain e will be performed. That is, in the operating 
range to which intake-stroke batch injection is performed, fuel-oil-consumption dispersion in case injection pulse 
width Ti is the maximum is learned. 

[0077] And if learning is completed like ****, respectively about the domains b, c, d, and e corresponding to the 
typical flow characteristics of domain a corresponding to the minute flow characteristics of an injector 12, and this 
injector 12, based on average cfb#ave of the feedback correction value which is the learning value, flow- 
characteristics map M of an injector 1 2 will be corrected. That is, the multiplication of the predetermined weighting 
coefficient according to the reliability is carried out, for example to the learning value in each aforementioned 
domains a~e, and as the value which carried out the multiplication is shown in this drawing by the trigonum mark for 
every domains a-e to flow-characteristics M before the correction shown in drawing 8 as a solid line, it plots. And 
also including the point plotted about domain a, while a linear correspondence relation is defined with the least 
square method about domains b-e as opposed to plotted each point, as a dashed line shows, new flow- 
characteristics M' is obtained to this drawing. Thus, the flow characteristics containing the minute flow 
characteristics of an injector 1 2 is correctly correctable based on an exact learning result, the large operating 
range of the engine 1 containing a stratification combustion zone can be covered by this, the precision of a fuel- 
injection control can be raised, and a mpg performance etc. can be raised. 

[0078] In addition, like ****, continue for a predetermined cycle, calculate the feedback correction value cfb in a 
fuel-injection control, and the flow characteristics of an injector 1 2 is corrected based on the average cfb#ave, and 
also based on the output signal from 02 sensor 30. and the output signal from an intake air flow sensor 21, actual 
fuel oil consumption is calculated directly and be made to let deflection of this operation value and the target fuel 
oil consumption qi be the learning value of fuel-oil-consumption dispersion. 

[0079] When an engine 1 is in idle operational status and it leams by learning-control means 40b, step SC14 of the 
flow shown in the aforementioned view 13 is compulsorily switched to intake-stroke split injection, and 
corresponds to split injection control means 40a which divides a propellant into 2 times during the intake stroke of 
a cylinder with an injector 1 2, and is made to inject. Moreover, step SC1 6 corresponds to learning-control means 
40b which learns dispersion in the actual fuel oil consumption by the injector 1 2 (deflection status) based on the 
detection result by 02 sensor 30, and this learning-control means 40b is constituted so that average cfb#ave of 



the feedback correction value cfb calculated for the feedback control of an air-fuel ratio may be made into a 
learning value. 

[0080] Moreover, when step SC15 of the aforementioned flow is a time of a split injection control of a propellant 
being performed by the aforementioned split injection control means 40a and the deflection status of fuel oil 
consumption is learned by the aforementioned learning-control means 40b So that injection time spacing deltat to 
start of the 2nd injection operation from an end of the 1st injection operation by the injector 12 may turn into zero 
or more predetermined time interval deltat It corresponds to fueHnjection-timing setting means 40c which sets up 
the 1st time of its and 2nd fuel injection timing thtinjl and thtinj2 (start stage of an injection operation), 
respectively. 

[0081] Furthermore, steps SC9-SC13 of the aforementioned flow correspond to 40d of rotational frequency hold 
meanses to hold an engine speed ne to an abbreviation fixed rotational frequency by correction of this ignition 
timing, if ignition timing is set to the angle-of-delay side rather than MBT (optimum ignition timing) or its near when 
an operation control of an injector 1 2 is performed so that it may become intake-stroke split injection by the 
aforementioned split injection control means 1 0a. 

[0082] Moreover, the steps SD1-SD5 of the flow shown in the aforementioned view 15 It is a time of the engine 1 
being operated by field (c) and 2 ****s of propellants being injected by the intake stroke of a cylinder by the 
injector 1 2. And when [ which is depended on this injector 1 2 ] injection time spacing deltat to start of the 2nd 
injection operation from an end of the 1 st injection operation turns into zero or more predetermined time interval 
deltat, it corresponds to 40d of learning-control meanses to learn fuel-oihconsumption dispersion. 
[0083] Therefore, according to fuel-control- system A of the jump-spark-ignition formula direct-injection engine 
concerning this operation gestalt, based on the feedback correction value cfb, dispersion in the fuel oil 
consumption resulting from the individual differences of an injector 1 2 etc. can be learned correctly, carrying out 
feedback control of the fuel oil consumption in field (b)(c)(d) from which an engine 1 becomes the strike ****** 
mode based on the signal from 02 sensor 30, respectively. 

[0084] Moreover, when an engine 1 is in idle operational status, make a propellant inject by the intake stroke of a 
cylinder 2 with an injector 12, and the engine 1 which must be in the stratification combustion status is made to 
operate in the strike ****** mode compulsorily originally, it is in this status, and dispersion in fuel oil consumption 
is learned correctly, carrying out feedback control of the fuel oil consumption like the above, furthermore, the thing 
which an injector 12 divides a propellant two by the intake stroke of a cylinder 2, and is made to inject in idle 
operational status — injection pulse width Ti of an injector 12 — **** — fuel-oil-consumption dispersion when 
short can also be learned correctly 

[0085] And if fuel-oil-consumption dispersion can be learned correctly such, based on this learning result, the flow 
characteristics of an injector 12 is correctly correctable also including a minute flow characteristics, and thereby, 
also in stratification combustion-zone (b) and field (e) in the enrichment mode which cannot perform feedback 
control, field (b)(c)(d) in the strike ****** mode which performs feedback control can raise the control precision of 
fuel oil consumption, and can reduce mpg and an emission sharply from the first. Dispersion in fuel oil consumption 
is cancelable by the idle operational status of the engine 1 which originates in the property of an injector 12 and is 
especially easy to become large [ fuel-oihconsumption dispersion ]. 

[0086] In the aforementioned idle operational status, a propellant two and when making it divide and inject The 
start stage thtinjl and thtinj2 of the 1st injection operation [ 2nd ] of an injector 12 respectively — this, since it is 
made to set up so that injection time spacing deltat to start of the 2nd injection operation from an end of the 1 st 
injection operation may turn into zero or more predetermined time interval deltat Even if it changes the fuel 
pressure force by the 1 st injection operation of an injector 1 2 like **** or **** contracts, change of the fuel oil 
consumption by the 2nd subsequent injection operation is made small enough, and a fall of the learning precision by 
the change can be avoided. 

[0087] Furthermore, at the time of learning of the aforementioned fuel-injection dispersion, even if external loads, 
such as a compressor of an air conditioner, are turned on and off or engine water temperature changes, change of 
the operational status of the engine 1 at the time of learning can be suppressed by ignition timing and an inhalation 
air content being controlled by 40d of rotational frequency hold meanses so that an engine speed ne may be held at 
abbreviation regularity, and learning precision can be raised further !f ignition timing can be controlled as 
mentioned above and an engine speed ne can be held especially, since the air-fuel ratio status of fuel oil 
consumption or a combustion chamber will not be changed, learning precision can be improved also by that. 
[0088] An engine 1 is in field (c) in the strike ****** mode, originally a propellant two with an injector 12 moreover, 
when making it divide and inject Since it is made to learn fuel-oil-consumption dispersion only when injection time 
spacing deltat in the split injection is zero or more predetermined time interval deltat Also at this time, it is the 
same with the time of the aforementioned idle operational status, and change of fuel oil consumption can fully learn 
fuel-oil-consumption dispersion with a sufficient precision in the state of the parvus. 

[0089] (others — operation gestalt) in addition, this invention is not limited to the aforementioned operation gestalt, 



and includes other various operation gestalt Namely, with the aforementioned operation gestalt, as shown in the 
flow of drawing 15 , an engine 1 is in field (c) in the strike ****** mode. And although it is made not to perform a 
learning control in order that injection time spacing deltat may avoid the bad influence by change of fuel oil 
consumption rather than predetermined time interval deltatO at the time of the parvus After rectifying fuel 
injection timing thtinjl and thtinj2 so that injection time spacing deltat may turn into zero or more deltat not only 
this but when such, you may be made to perform a learning control. 

[0090] Specifically, when injection time spacing deltat is judged rather than predetermined time interval deltatO in 
step SD4 of the flow shown in drawing 1 6 to be the parvus NO, injection time spacing deltat resets up the split fuel 
injection timing thtinjl and thtinj2 so that it may progress to step SD10 and injection time spacing deltat may turn 
into zero or more deltat Then, at continuing step SD12, fuel-injection dispersion is learned in step SD11, the 
correction control of the ignition timing is carried out so that the output torque of an engine 1 may become 
abbreviation regularity, and a return is carried out to after an appropriate time. Even if it changes injection time 
spacing deltat by control of this ignition timing in order to learn fuel-oihconsumption dispersion when an engine 1 
is in the steady operation status, change of the output torque of the engine 1 by that can be prevented. 
[0091] Step SD10 of the aforementioned flow the start stage thtinjl and thtinj2 of the 1st injection operation 
[ 2nd ] by the injector 1 2 It corresponds to fuel-injection-timing setting means 40c set up at the time of learning of 
fuel-oil-consumption dispersion so that injection time spacing deltat may turn into zero or more predetermined 
time interval deltat. Step SD11 corresponds to learning-control means 40b. moreover, the step SD12 When an 
engine 1 is in the steady operation status and fuel-oil-consumption dispersion is learned, it corresponds to 
ignition-timing control means 40e which controls ignition timing so that the output torque of an engine 1 may 
become an abbreviation constant value. 

[0092] Apart from this, as shown in the flow chart view of drawing 1 7 , when an engine 1 is in field (c) in the strike 
****** mode, while a learning control is performed irrespective of injection time spacing deltat, to the learning 
result at that time, when injection time spacing deltat is zero or more predetermined time interval deltat, it comes, 
and a twist may also be made to carry out a big weighting. Namely, in step SD4 of this drawing, when injection time 
spacing deltat is judged rather than predetermined time interval deltatO to be the parvus NO, it progresses to step 
SD20. While the learning control which calculates average cfb#ave of feedback correction value as a learning value 
is performed Compared with a learning value in case injection time spacing deltat is zero or more predetermined 
time interval deltat, what is necessary is just made to make a weighting small by carrying out the multiplication of 
the weighting coefficient smaller than 1 to this learning value relatively. 

[0093] While fuel-oil-consumption dispersion can be correctly learned when injection time spacing deltat is zero or 
more predetermined time interval deltat if it does in this way, a learning frequency can be raised also by coming 
learning. And although the reliability of a learning value becomes low by change of fuel oil consumption rather than 
predetermined time interval deltatO at the time of the parvus, when injection time spacing deltat carries out a 
weighting according to the reliability of such a learning value, a fall of the learning precision as whole can be 
suppressed to the degree of minimum. 

[0094] Furthermore, when an injector 1 2 divides a propellant into 2 times by the intake stroke of a cylinder 2 and it 
is made to inject like each above-mentioned operation gestalt, you may be made to fix injection time spacing deltat 
between the 1st injection operations [ 2nd ] to a zero or more predetermined time interval deltat constant value. If 
it does in this way, since change of the fuel oil consumption by the 2nd injection operation of the aforementioned 
injector 1 2 is cancelable, learning precision can be raised as much as possible. 
[0095] 

[Effect of the Invention] As mentioned above, as explained, according to the fuel control system of the jump- 
spark-ignition formula direct-injection engine concerning invention of a claim 1, operating an engine by 
abbreviation theoretical air fuel ratio by predetermined operational status, a fuel injection valve divides a propeilant 
into multiple times by the intake stroke of a cylinder etc., it can be made to be able to inject, and fuel-oil- 
consumption dispersion when the valve-opening time of a fuel injection valve is relatively short can be learned with 
a sufficient precision by learning the deflection status of fuel oil consumption by the learning-control means in this 
status. And by setting up the start stage of the 1 st injection operation [ 2nd ] of a fuel injection valve, respectively, 
so that the injection time spacing between these injection operations may become more than a predetermined time 
interval, change of fuel oil consumption can be reduced and sufficient learning precision can be secured. And by 
rectifying fuel oil consumption based on the exact learning result, dispersion in fuel oil consumption can be 
canceled also in the operating range which cannot perform feedback control, and mpg and an emission can be 
reduced sharply. 

[0096] According to invention of a claim 2, dispersion in fuel oil consumption can be learned with high precision by 
calculating actual fuel oil consumption with a sufficient precision based on the air-fuel ratio status and inhalation 
air content of a cylinder internal combustion glow room of an engine. 

[0097] while performing a split injection control by the idle operational status of an engine according to invention of 
a claim 3 — the valve-opening time of a fuel injection valve — **** — the minute flow characteristics of a fuel 



injection valve can be correctly grasped by learning fuel-oil-consumption dispersion when short And at the time of 
the learning, by holding an engine speed by the rotational frequency hold means, change of the operational status 
of the engine by turning on and off of an external load etc. is suppressed, and learning precision can be improved 
further. 

[0098] Without changing the air-fuel ratio status of fuel oil consumption or a combustion chamber by rectifying 
ignition timing for the rotational frequency hold means in invention of a claim 3 preferentially according to invention 
of a claim 4, an engine speed can be held to an abbreviation fixed rotational frequency, and, therefore, learning 
precision can be improved further. 

[0099] According to invention of a claim 5, even when the tooth-lead-angle correction of the ignition timing cannot 
be carried out as a matter of fact an engine speed can be held to an abbreviation fixed rotational frequency. 
[0100] According to invention of the claim 6 and the claim 7, the bad influence by change of the fuel oil 
consumption by the 2nd injection operation of a fuel injection valve can be eliminated, and the effect by invention 
of a claim 1 can fully be acquired. 

[0101] According to invention of a claim 8, change of fuel oil consumption can be canceled by fixing the injection 
time [ injection / split ] spacing at the time of learning of fuel-injection dispersion at abbreviation regularity, and 
learning precision can be raised as much as possible. 

[0102] According to invention of a claim 9, the torque change when starting or ending learning of fuel-oil- 
consumption dispersion can be prevented. 

[0103] Moreover, according to the fuel control system of the jump-spark-ignition formula direct-injection engine 
concerning invention of a claim 10, only when the injection time spacing between the 1st injection operations 
[ 2nd ] by the fuel injection valve becomes more than a predetermined time interval, change of fuel oil consumption 
can fully learn fuel-oil-consumption dispersion with high precision in the state of the parvus like invention of **** 
and the claim 1 to learn the deflection status of fuel oil consumption. 

[0104] Furthermore, according to the fuel control system of the jump-spark-ignition formula direct-injection 
engine concerning invention of a claim 1 1 , when an injection time spacing learns the deflection status of fuel oil 
consumption also in the time of the parvus rather than a predetermined time interval, a fall of learning precision 
can be suppressed to the minimum extent by being able to raise a learning frequency and turning a weighting up 
according to the reliability of learning. 

[Brief Description of the Drawings] 

[Drawing 1 ] It is drawing showing the outline configuration of this invention. 

[Drawing 2] It is the whole fuel-control-system block diagram of the jump-spark-ignition formula direct-injection 
engine concerning the operation gestalt of this invention. 

[Drawing 3] It is the perspective diagram showing the outline structure of the cylinder internal combustion glow 
room of an engine. 

[Drawing 4] It is drawing showing an example of a control map which set up each operating range in the 
stratification combustion mode of an engine, the strike ****** mode, and the ******** mode. 
[Drawing 5] It is the timing-diagram view showing the fuel injection timing of an engine. 
[Drawing 6] It is the flow chart view showing the procedure of a fuel-injection control. 

[Drawing 7] It is explanatory drawing having shown various kinds of control maps used for a fuel-injection control. 
[Drawing 8] It is explanatory drawing showing an injector flow-characteristics map and the technique of the 
learning correction. 

[Drawing 9] It is drawing showing the output characteristics of 02 sensor to change of an air-fuel ratio. 
[Drawing 10] It is the flow chart view showing the operation procedure of feedback correction value. 
[Drawing 11] It is the timing-diagram view matching and showing change of the feedback correction value at the 
time of feedback control, and 02 sensor output. 

[Drawing 1 2] It is the graphical representation of the experimental data which matched with the injection time 
spacing a mode that originated in the 1 st injection operation of a fuel injection valve, and the fuel oil consumption 
by the 2nd injection operation was changed, and showed it. 

[Drawing 13] It is the flow chart view showing the procedure of a learning control in case an engine is idle 
operational status. 

[Drawing 1 4] It is explanatory drawing in which having matched the correspondence relation between the operation 
air-fuel ratio of an engine, and an output torque with change of ignition timing, and having shown it. 
[Drawing 15] It is the flow chart view showing the procedure of a learning control in case an engine is in a uniform 
combustion zone. 

[Drawing 1 6] It is a 1 5 about drawing view concerning other operation gestalt which rectified fuel injection timing of 
an injector so that an injection time spacing might become long. 

[Drawing 1 7] It is a 15 about drawing view concerning other operation gestalt which was made to carry out a parvus 
weighting relatively [ value / learning / when an injection time spacing is short ]. 



[Description of Notations] 

A The fuel control system of a jump-spark-ignition formula direct-injection engine 

1 Engine 

2 Cylinder 

5 Piston 

6 Combustion Chamber 

12 Injector (Fuel Injection Valve) 

30 02 Sensor (Air-fuel Ratio Detection Means) 

40 Control Unit (ECU) 

40a Split injection control means 

40b Learning-control means 

40c FueHnjection-timing setting means 

40d Rotational frequency hold means 

40e Ignition-timing control means 



